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SURVEY OF THE
QUALITY OF SELECTED
ANTIMALARIAL

MEDICINES CIREULATING
IN SIX COUNTRIES OF

Figure 10:
Comparison of tablets appearance for two SP samples from\@a same manufac

The sampie on the ieft does not contain pyri mine

Figure 11:

non-compliant* samples
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ACTs and 5Ps: Proportions of compliant, moderately non-compliant and extremely

ACTE P a}’“‘
{180 eamplac) {127 camphsc) &g\
&.@- ‘;;\'2\
{\\.Qr‘ Q,\,\e,e
O l:'.-ng;l}Iﬂ with specifications L
[l _I@ﬁl-:mmlﬂ'rl—nm-em deviations from spacHicabons (QQ.Q
I Fon-compant - extreme deviations om sgeccations® &
T o
‘0&0 Table 13:  Manufacturers nfteﬂéﬁ\artemethﬂn'lumEFantrine samples b"’é}
\’\9\, &9 No.of  No.of aq“e
& Manufacturer S samples  batches \s;;ﬁnnma of collection
o < tested  tested <O
Baijing Movarts Pharma China / Novartis Fharmaceuaticals 54 4@«*’3&6’. Camerpon, Ethiopia, Ghana,
Corporation, USA <° & Eenya, MNigeria, Tanzania
Ajanta Pharma Led, Igﬁn 10 .\@“-ﬁ Camerpon, Femya
GVS Labs, India & g ° 4 Ghapa, Nigeria
Jiangzn Yif:ing;o@w(m'ard Pharm. Factary, China 5 ,\O\?f’ 2 Mig=tia
o Addis pharmafeutical factory, Ethiopia o 2 Ethiopia
ality urance g afety: : iy QO
Qu 1|l|LI}_ n'55 irance and Safety Bliss GV Led, India v{h 1 Chana
Medicines Emes{ (hemists Lid, Emest. Ghana &M 3 2 Ghana
w Lab Lid, India © 3 2 Higeria
—_ _ o ., -
Department of Essential Medicines Fromed i Ltiﬁi“gﬂiml.“"jnj Lad, 1 i Nigeri
and Pharmaceutical Policies Ipca Laboratories Led, India 1 1 Eenya
215 Tayson Pharmaceuticals Ltd, Bangladezh 1 1 Ghana
.:L}} World Health  gispharma r1a Gaaes I 1 Ghm
v 2 Or anization Macleods Pharmaceuticals Lid, India 1 1 Higeria
NSTE Vg May & Baker Nigeria Plc, Nigeria 1 1 Higeria
Meadreich Plc, India 1 1 Ghana
Mekophar Chemical Pharm. Joint-Steck Company, Vief Mam 1 1 Migeria
Universal Corporation Lid, Eeoya 1 1 Fenva




Table 3.3. Associations between concentrations of antimalarial drugs on day 7 and
therapeutic response &

Therapautic cut-off Treatmentdailure rate (%) below vs Reference
cong¢entration (ng/ml) above therapeutic concentration cut-off
Piperaquine @6‘13 30 36 vs 6.8 (p<0.001) (293) &
o &
Lumefantrine é@s«o = 280/500 49 (= 280 lck?s 6 (= 500) (337) .\e,\\e’eb
“@{@“’z = 280 49 vs 2@“&: value not reported) (2?{}}\@
4,5‘0\ = 600 22 ﬁ.rg,‘ﬁ (p<0.001) (3,4‘?}
’@@,\o = 400 Sﬁ vs 0 (p=0.001) ,\obf.??ﬁj
q)d‘ > 280 (&"’?' 7vs 1.4 (p=0.027) o&e& (274)
© > 175 & 24vs1.1 (p<0.001) & (348
> 500 géeff 25 vs 6.5 (p<0.01) %c;ié’ (349)
Mefloquine -~ 500 *.@‘2"’ 28 vs 0 (p=0.0003) é"’&& (350)
& &

Desethylamodiaquine > 75 \,]9“5" 2bvs O {p=0.996}© (247)

> %@“ 44 yg ~22 (p value not reported) (234)




Malaria gaps of knowledge
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Fixed dose combinations
Artemether-lumefantrine COAR&EM RIAMET Novartis, Ajanta 2004
Artesunate-amodiaquine: A§%Q COARSUCAM DNDi/Sanofi 2008
"bé‘
DHA-piperaquine: @ “EURARTESIM Sigma-Tau 2011
Artesunate-mefloquicp:é: CIPLA tab DNDi/Cipla Ltd 2012 )
&Q{ ,.;:5‘6
Artesunate-pyropdridine:  PYRAMAX Shin Poong Pharm 2012 &
= {'\‘?} N
@e’c\“ \ze"k ‘ Q*z-‘\&\
ACT combination Recommendeddose
artemet@rﬁlumefantrlne (AL) 1 4-& mgfkgz’dose Twice dally@rthree days
©<a~(y & \Pﬁ 16 mg/kg/dose ,\0\‘?
artesunate+/amodiaquine (AS+AQ, ASAQ) Q«O& 2-10 mg/kg/day D@ﬂ\/ for three days
d v\g-;
;&Q’@ 7.5-15 mg/kg/day gg"
artesunate+/mefloquine (AS+MQ, ASMQ) a:‘.~° 4 mg/kg/day (2-10 mgfkgfday%»fo'\o Daily for three days
Ng v . .
0@«0 Total dose of 25 mg/kg q}dg Divided daily for three days
V ©
artesunate+5uIfadoxine—pyrimeth%g?’f‘ne (AS+SP)? 4 mg/kg/day (2-10 mg/kg/day) Daily for three days
© -
25 mg/kg (S) (25-70 ma/kg (S)) Once on day-1
dihydroartemisinin+piperaquine (DHA PPQ) 4 mg/kg/day (2-10 mg/kg/day) Daily for three days
18 mg/kg/day (16-26 mg/kg/day)
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European axd Developing Countries Glinical Trials Partnership

A Phase Hb/IV compa[ailve, randomised, multi-centre, open label,
parallel 3-arm cllpefcal study to assess the safety and efficacy of
rgpeated administration of new ACTs
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Project Coordlnator @
Abdoulaye Dllm%%% PA or DHA-PQP
MRTC, Bamakg*

'b@ougoula Hameau  PAor DHA-PQP

West African Burkina Faso Banfora PA or DHA-PQP
Network for

Clinical Trials Burkina ~aso Bobo-Djoulasso PA or DHA-PQP-QE;-\O

) of Antimalarial &£

‘

ﬁ tn@[onumber PACTR201105000286876
* pyronaridine- artesunata&fPYRAMAX Shin Poong-MMV, &

e dihydroartemisinin- @?beraqume (EURARTESIM, Sigma-Tau-MMV)
— artemether-lumefantrine (COARTEM or COARTEM-D)
— artesunate-amodiaquine (ASAQ Winthrop/Coarsucam)

* over a two-year period, children and adult uncomplicated malaria
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Treatment: 3 day,s&fber malaria episode
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Treatment foﬁow up on Day 7, Day 14, Day 21, Day 28, Day 35, &

and Day eztz 5‘ (06&&@}\
8‘0 .ooée,
Stgﬁfy follow-up period of 2 yeargffn children and adults ¢
6° \i@'&
4710 patients: mtent-to-trga“t population | &"f\

SP-C-013-11 (IP-07-31060-002)
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Sagara |, et al. Safety and efficacy of re-treatments
with pyronaridine-artesunate in African patients
with malaria: a sub-study of the WANECAM
randomised trial, Lancet Infect Dis. 2015 Oct 21.



http://www.ncbi.nlm.nih.gov/pubmed/26601738

Malaria resistance: facts and hypothesis
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* Facts
— ACTs show more than 90% efficiency
Internaetlonal guidelines

-5 deferent ACTs Q@&“‘"
— Décreased sensitivity to art¢m|5|n|n é@@eﬁ‘*
K ReS|stance to partner drug“s b
& — Molecular markers onr%5|stance &O&e&q
* Hypothesis .
— Elimination ando%"radlcatlon? b«o"b

Q'\,

— Climate chaﬁge will drive new transﬁilssmn patterns?
— Triple or more drug combination?

— Really new drugs?

— Vivax for ever?



Resistance to Artemisinin
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Decelerated p(gﬁ"‘éression of parasite cycle
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Reducing arl;ma’ﬁ;\isinin activation by haem in ring stages
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Increasj\.ﬁétime to repair damaged pr\gt%ins / cellular components
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Redtices exposure of trophozoites’to artemisinin &
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Subsequent exit quies@%ce when drug level de\g«r’gased

Increased gall}e"%ytogenesis
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Increase the probability of transmission



Resistance to Artemisinin: KELCH propeller Domain
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Resistance to Artemisinin combination therapies
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Conditions of em@rgence
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* Low et‘ransmlssmn = more symptmnatlc = more drug
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Focal transmission (remote are@s forests, borders) = fake dgﬁgs
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uncontrolled treatment& repeated non- curatlye doses
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* Fewer multiclonal, infection = less competmon
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Conditions of spreadmg
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* Genetic backbone: fitness advantage



Optlmlzmg drug use

Ring-stage survival assta”y (RSA) (in vitro)
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K13 propeller (mﬁfecular) C580Y

eastern Mekogg(Cambodla Laos, Viet Nam): C580Y, R539'[<~V493H 1543T

western I\ﬁfékong (China, Myanmar, Thailand): F446L, MSSY P574L, R561H
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Pa?asﬂologlcal failure: paras@a@on day 3 &&C@;\"
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Situation of ACT failures in the Greater Mekong subregiol
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Anticipating
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Target product profile
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Capg&b*f@e of replacing fast-acting artemisinin
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Single Encounter Radical Cure and Prophylaxis:
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Post-treatmeént prophylaxis



Really New schizonticides: phase Il
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0zZ439: 3rd generatJ:On endoperoxyde Sanofi (->2018)
KAE609: |nh|b|top%od|um chanel PfATP4 Novartis

KAF156: Imlda@oloplperazme

DSM265: Inel@rfbltor of dihydroxyorotate deshydrogenase (DHODH)
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Fast actives & actives against artem|5|n|n resistant straqms
Long half-life : over a wg»ék for a single dose
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Paﬁner drugs: 3 options QQ«"E’Q ,.\o‘\:’@(
Piperaquine -> reswtances«éﬁready exist @c,e“"b%
New member of old far;:@‘i‘Ty ferroquine or Pyronarldlng
Paired two new dru\}gs Q\go""\)
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On going Trials: OZ43&‘*+ Piperaquine
OZ439 + Ferroquine
0Z439 + DSM265
KAE609 + ?
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QUINOLAC (2008 —on going ) Ok ti P
M. Medebielle - JB Bouillon ;& Picot &SN okose S o NN okoss W7 T
N o °
* P e
Original Y-hvdroxv-Y-lgﬁam scaffold oo o ew °
e@ IC, (3D7) = 26 nM IC;, (3D7) = 19 nM
Hybrid with 4-amino-7- chlgéo qguinoline & 8-amino-2- ICso (W2) =49 nM ICs (W2) =42 M
methoxy quinoline ikéfetons (first and second First generation S
generation) & & o8
1&0 '\?}b o \96
‘é, "‘1\.'*{\ D—ome < Q}\
Structures W|thec§’ut quinoline unit (3rd generation), &~ ﬁN/\/:o /\/N@;ﬁ‘n OMe
Two series 9?’ v-hydroxy-y-lactams / 2 syntheses (7 e&‘“ SN “"\ W o
steps vs 3n‘§f'eps based on tetronic acid 6@5\ m e
’»& ,\\0(\ ci N~ FsC cl R
,&;\% F5;C
15- @60 nM (3D7, W2), no cytotoxicity (HUVEC tells) ICs, (3D7) = 19 nM IC &?\§D7) =14 nM
low resistance index, stable at pH 5,4 and 7 Zom‘lp to 72| 1G5 (W2)=17nM AL50 (W2) =34 nM
h (LC/MS), but highly lipophilic <& 5
& g
\g\@\ Secq@dbgeneratlon
* ). Med. Chem. 2013,56,73; &
* Bioorg. Med. Chem. Lett. 2013* 23, 6167; &
. o . . .
;e"‘j’hgdm'él:e“ 22‘(’)113; 52;’;?:3;2 Third generation: no 4-aminQ_ skeleton
* Eur rg. Chem. _ i
* Bioorg. Med. Chem. Lett. 2016, 26, 5308; IC50 =100-175nM
* 1 patent.
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Mass drug administration: empiric
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Aims: Ellmlmaﬁflon in low-endemic areas
Con‘trol of epidemics
Protocole: ,\o@ffull treatment dose & R
Repeated twice at mghthly intervals é@@s’b“"\?}\

Peomgi‘é"b: Most recipients afé healthy (no parasite), C
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Some have asymptomatlc malaria
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Area: Low seasom‘al transmission area\)sp"
Period: Dry seaas&on ﬁ?
Drug: letérent from 15t line: DHA-P + single low dose PQ

Windows of resistance selection: 1 month after last dose



Surveillance and response

. EIiminatigﬁ@zstages
e Less then 1000 people at rlsk per year
o HCR popS / hotspots & “‘Q@ﬁ
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zﬁﬁeactlve case detectle"h (1-3-7)
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— Passive detected csese (day 1)

— Household, neaﬂghbors contact : actwe detectlon
and Treatraent (day 3) &

©

— Appropri%te public health response (day 7)



Test. Treat. Track.



A. High transmission setting
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B. !yW transmission setting
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The role of submicroscopic malaria in malaria transmission:
what is the evidence?

Jessica T. Lin!, David L. Saunders?2, and Steven R. Meshnick?
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Total body

° Liver stagesé.
. Asymptomatlc malari
. Symp;bf)matlc malaria :

Parasite loads

&

103 to 10°

a: 1to ;bf)5

\\

1@8 tO 1012 (10 millions-100 mlwards)

. ngf’ere malaria : R “10° to 1013 &
Per ul of blood <

* Lliverstages: n.a. ﬁb

. Asymptomatlgﬁnalarla O0toO. 05

* Symptomatic malaria : 50 to 500.000

e Severe malaria:

500 to >5.000.000
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TRENDS in Parasitology Vol.20 No.9 September 2004



Rolling-circle-enhanced enzyme activity detection (REEAD)

Droplet Microfluidics Pl@f?\orm for
Highly Sensitive and Qfiantitative
Detection of Malarig® Causing
Plasmodium PargSites Based on
Enzyme Activ%ifbs‘fz Measurement

<
Sissel Juul,”" Christine J. F. Nielsej{*” Rodrigo Labouriau, ™ Amit Roy,* Cinzia Tesauro,’ Pia W. Jensen,*
Charlotte Harmsen,* Emil L. Krigfdffersen,* Ya-Ling Chiu," Rikke Frohlich,* Paola Fiorani,* Janet Cox-Singh,’

David Tcm:lrup,t Jorn Koch,k#mne-Lise Bienvenu,” Alessandro Desideri,® Stephane Picot,” Eskild Petersen,”

Kam W. Leong," Yi- Pm%@ Magnus Stougaard,” and Birgitta R. Knudsen®“*
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Blood or Saligs.
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Loop-mediated Isothermal Amplification (LAMP)

@
Isothermal DNA ampllflcgﬁ’on (Notomi T, Nucleic Acids Res. 2000. )
First application to m@Laera diagnosis : Poon LLM, Clin. Chem. 2006.

Suitable tool for d@énosw in endemic areas. Polley SD, J. Infect. Dis. 2013.
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4\0\} Q}b\ 6‘}'
2 . o ge '\& e e ‘@\\e
lllumigene Malaria plus(Meridian) P\QSQ/ Neg in 45 minutes &
.\5’)‘ ,'.\}Q’\ "o@e
S < N
& & Light microscopy &5
N & @?
& & - @
©Q‘ Q:\?/Q( + ‘z?;.\oo
+ & 40 3 &  PPV=093
LAMP & &
& o
_ & 0 <87 NPV = 1
<& N
\'\9\50 o
& Sensitivity = 1 Specificity = 0.925

Non-inferiority of Loop-mediated Isothermal Amplification compared to light microscopy
for screening patients with imported malaria in a non-endemic setting (submitted)



in vivax veritas, sed in hypnozoites sapientia
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Plgsmodium vivax best friends
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@,_,Qfée ESTIMATED NUI\‘Q@R OF PLASMODIUM VivAX CASES BY COUNTRY, 2013
Reticuiocytes (no culture)
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@Iflypnozoites (no cure)




Malaria transmission in Northern Europe (speculative!)
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Complexity of tran@mlssmn cycles
Ecological, Sogf“etal Behavioral factors
Enwronme:ﬁal changes: new wetlands, urban greenspace &
Cllmate c*ﬁange +2 +4 +6°C by 2100 ? ﬁ‘b &

&
e

Vecto r% & o«
agzl% ptation & &
@\spreadlng tyres, trucks, hlghways 5
Importation versus establlsmqﬁent
UK anophelines are comgetent &
Models: b«é‘“" &
falciparum : proba[;#y not suitable R
vivax 4 months@‘r by 2030 in southeast England

vivax 4 months/yr by 2080 Southern Scotland!

Medlock & Leach, LID june 2015




P. vivax resistance: prepare the war

&> Therapeutic fallurg% (India, Turkey, Indonesia, PNG, Thailand...)
= Prophylaxis tﬁTures
&0\&@; Q}b@-
ATVJ?% (Ethiopia, Povinelli 2003. SEA, Jlmerle“z 2006) &
o &
\O S &
@MQ (French Guiana, Picot 2005) éefC@Q b\)&"(\
QN’ ’00(\ KQJQ‘\O
E:k.f*lg_?ecreased primaquine efflcae‘y (Indonesia, PNG, Thailand..*
'&0 ‘é,d‘*
Q’Q\b‘:‘ c-)‘\\f’k
& &8‘
S quio«o
[dentification of the Plasmodium wvaago’?ndr-Lﬂ(e &
Gene (pvmdrl) and Analysis of Nu%leonde ) © Hyi!»:%:’?m P
Polymorphisms among Isolates ffom Different Areas L R W P e e o

of Endemicity

73-880 Truncation
Sara Brega,' Benoit Meslin,' Frédérique de Monbrison,'? Carlo Severini® Luigi Gradoni® Rachanee Udomsangpetch,' amino acid 1084
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Figure 3.4. Pharmacokinetics of artemisinins after a standard single oral dose
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Figure 3.9. Pharmacokinetics of lumefantrine and desbutyl-lumefantrine
after a standard oral treatmeant
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Figure 3.10. Pharmacokinetics of mefloquine after a standard oral treatment
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Figure 3.6. Pharmacokinetics of atovaquone after a standard oral treatment v\. Figure 3.7. Pharmacokinetics of proguanil after a standard oral treatment
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Figure 26. Price of QAACTS, non- QAAQB and non-oAMTs, AETD among outlets stocking at least
one antimalarial at the tm‘re of survey in the private sector, 2013
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Resistance to Artemisinin
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Resistance: De novg emergence / subsequent spread
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